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@ A laminated sanitary rubber article. 

(57) The present invention provides sanitary laminated rubber articles suitable for use as various articles 
with safety and sanitary property, for example, containers for foods or pharmaceutical chemicals, 
transporters, instruments, packaging materials and the like. In this sanitary laminated article, the rubber 
surface is laminated with a resin film comprising a cyclic olefinic compound or bridged polycyclic 
hydrocarbon compound as a polymeric component. 
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This invention relates to sanitary laminated rubber articles suitable for use as various articles with safety 
and sanitary property, for example, containers for foods or pharmaceutical chemicals, transporters, instru- 
ments, packaging materials and the like. 

The rubber article of the present invention has very excellent properties which can be adapted to the stan- 
5 dard test values of various official documents, required in this field, and can further satisfy the test items having 
lately become an important problem from the pharmaceutical standpoint and has good economical property. 

As a law concerning packaging materials or instruments of food containers, there is the Food Sanitation 
Act, providing nonpoisonous property, tasteless property and odorless property. This sanitary property includes 
heat resistance and hot rater resistance. The details thereof are shown in Official Notification No. 370 (Decem- 

10 ber, 1962) and Official Notification No. 20 (April, 1982) of the Ministry of Health and Welfare. 

High grade sanitary property and safety are required of containers for pharmaceutical chemicals from the 
standpoint of influences on the human body. To this end, various test methods or quality standards are provided 
in, for example, "11 th Revision, Japanese Pharmacopoeia" (hereinafter referred to as JP 11), International 
Standards Organization (ISO), European Pharmacopoeia (EP), US Pharmacopoeia XXI (USP), West Germany 

15 Industrial Standard DIN 58, 366-58, 368 (DIN), British Standard 3263 (BS), etc. Furthermore, test items and 
higher standards from medical standpoint have lately been taken into additional consideration. 

As to articles for medical treatment, test methods and quality standards are provided in Official Notification 
Nos. 300 and 301 (standards for blood-collecting equippments and blood-transfusion sets) of the Ministry of 
Health and Welfare and Official Notification Nos. 442 and 41 3 (standards for injection cylinders) of the Ministry 

20 of Health and Welfare. 

For the above described official documents are useful rubbers such as isoprene rubber (hereinafter referred 
to as IR), butadiene rubber (BR), ethylene-propylene rubber (EPM), ethylene-propylene-terpolymer(EPDM), 
isobutylene-isoprene rubber (IIR) or chlorinated rubber of IIR (CIIR) or brominated rubber of MR (BIIR), iso- 
butylene-isoprene-divinylbenzene terpolymer (DIIR) and the like. 

25 As to rubber articles for foods, various techniques have been developed so as to satisfy the standards or 
requirements for such use, for example, a method of increasing heat resistance by mixing styrene-isoprene 
copolymer and polyethylene (Japanese Patent Laid-Open Publication Nos. 76939/1973 and 76940/ 1973); a 
method comprising adding tocophenol to EPDM and obtaining a laminated article for packaging a heated and 
sterilized food (Japanese Patent Laid-Open Publication No. 134574/1978); a rubber composition for food sanl- 

30 tation comprising EPDM with zinc white, a fatty acid salt of zinc and calcium oxide (Japanese Patent Publication 
No. 25175/1987); and a method of producing a rubber article for foods. 

In the techniques of obtaining rubber articles for pharmaceutical chemicals and medical instruments, there 
have been proposed a method comprising adding ascorbic acid or its derivative and thus preventing formation 
of N-nitroso compound (Japanese Patent Publication Nos. 34262/1989 and 53696/1989); a nipple composed 

35 of BR, BIIR and natural rubber, crosslinked with an organic peroxide (Japanese Patent Publication Nos. 
20650/1989); a rubber stopper comprising IR and finely powdered PE (Japanese Patent Publication Nos. 
8789/1970); a rubber article for pharmaceutical chemicals, free from release of a zinc salt (Japanese Patent 
Publication Nos. 40257/1986) and an improved rubber stopper based on this rubber article (Japanese Patent 
Publication Nos. 57870/1985); and a rubber article for pharmaceutical chemicals and medical articles, com- 

40 prising IIR, Bll, CIIR and superhigh molecular weight PE (Japanese Patent Publication No. 55666/1989). 

Furthermore, as a rubber article for pharmaceutical chemicals and medical instruments, comprising a rub- 
ber composition coated with a resin film, there are proposed a technique of laminating a vulcanized rubber with 
a film of polypropylene (PP) (Utility Model Publication Nos. 5751/1969 and 27753/1969); a stopper wholly 
coated with a fluoro resin excellent in chemical resistance (Utility Model Publication No. 17831/1970); a rubber 

45 stopper covered with a trifluoroethylene resin on a surface in contact with a medical liquor (Utility Model Publi- 
cation No. 21 346/1 974); a process for the production of a rubber stopper, in particular, laminated with a fluoro 
resin film on a surface in contact with a medical liquor (Japanese Patent Publication Nos. 1355/1977, 
9119/1979, 53184/1982, Japanese Patent Laid-Open Publication Nos. 272134/1986 and 23961/1990); and a 
rubber stopper consisting of IIR laminated with a fluororesin film (Japanese Patent Publication No. 3104/1988 

50 and Utility Model Laid-Open Publication No. 47850/1980), as well known in the art. 

In the known techniques, however many rubber compounding agents are studied, elution products or strip- 
ped materials occur from the rubber compounding agents or rubbers and contaminate medical liquors. Thus, 
it has been taken as a means for preventing an exterior medical liquor from contamination to cover a rubber 
article with a fluoro resin film or PE or PP resin film. However, such sanitary films of fluoro resins, PE, PP, etc. 

55 have low bonding strengths to rubber surfaces and are thus stripped readily. A higher bonding strength can be 
obtained by subjecting the surface of a film to a surface treatment, e.g. by corona discharge, but this is a high 
grade technique having an economical problem. 

It is an object of the present invention to provide an improved rubber article coated with a resin film having 
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a high bonding strength in simple manner. 

It is another object of the present invention to provide a sanitary rubber article laminnted with a sanitary 
resin film being medically and chemically inert and capable of satisfying the test standards of the various official 
documents. 

5 It is a further object of the present invention to provide a saniaby rubber article, the surface of which is 

laminated with a resin film comprising a cyclic olefinic compound or bridged polycyclic hydrocarbon compound 
as a polymeric component 

These objects can be attained by a sanitary rubber article whose rubber surface is laminated with a resin 
film comprising a cyclic olefinic compound or bridged polycyclic hydrocarbon compound as a polymeric com- 

10 ponent. 

The accompanying drawings are to illustrate the principle and the merits of the present invention in detail. 

Fig. 1 is a sectional view of one embodiment of the rubber article of the present invention, i.e. the whole 
surface being laminated with a cyclic resin film of the present invention. 

Fig. 2 is a sectional view of another embodiment of the rubber article of the present invention, enclosed in 
15 a glass bottle charged with a medical liquor and fastened by an aluminum cap. 

Fig. 3 is a sectional view of a further embodiment of the rubber article of the present invention, enclosed 
in an exterior support of a plastic container and covered by an upper cover, the laminated part of the rubber 
article being bonded by fusion with the exterior support and upper cover. 

Fig. 4 is a sectional view of a slidable stopper fitted to an end of a push rod of a syringe, the stopper being 
20 laminated with a cyclic resin film of the present invention. 

Fig. 5 is a sectional view of a slidable stopper laminated with a cyclic resin film of the present invention. 

Fig. 6 is a sectional view of a rubber stopper for freeze drying, whose whose leg part is laminated with a 
fluoro resin and flange part is laminated with a cyclic resin film of the present invention. 

Fig. 7 is a vertically sectional view of a rubber stopper whose leg part in contact with a liquid medicament 
25 and flange part are laminated with a cyclic resin film of the present invention. 

Fig. 8 is a cross-sectional view of the laminated rubber stopper of Fig. 7 (Eglue type rubber stopper). 

As a means for solving the above described problems, the present invention provides a sanitary rubber 
article whose rubber surface is laminated with a resin film comprising a cyclic olefinic compound or bridged 
polycyclic hydrocarbon compound as a polymeric component. 
30 In the present invention, as the above described cyclic olefin compound, monocyclic olefin compounds or 
alkyl or acrylate derivatives thereof are particularly preferable. 

In the present invention, as the above described bridged polycyclic hydrocarbon compound, those con- 
taining at least one unsaturated bond in the ring or substituent are particularly preferable. 

In the present invention, a resin containing the above described cyclic olefin compound or the above des- 
35 cribed bridged polycyclic hydrocarbon compound as a polymeric component (which will hereinafter be referred 
to as "the cyclic resin" of the present invention) includes those containing, as a copolymeric component, lower 
olefins, aromatic hydrocarbons or aromatic vinyl monomers, and can be mixed with olefin resins. 

Furthermore, the cyclic resin of the present invention more preferably has any one of properties, i.e. a 
bromine number of at most 5 and a softening point of at least 90 °C. 
40 Of late, novel and characteristic resin bodies have been developed by a new technique of separating and 
purifying monomers of C 5 fractions obtained by cracking coal tar and naphtha and by a technique relating to 
catalysts for polymerization of the monomers, and above all, marked progress has been found in polymers of 
the cyclic olefin monomers, in particular, bridged polycyclic hydrocarbon monomers. 

For example, cyclopentadiene obtained from the C5 fractions prepared by cracking naphtha of petroleum 
45 fractions is a monomer obtained abundantly with a low cost on a commercial scale. Dimerization of cyclopen- 
tadiene (CPD) at room temperature results in dicyclopentadiene (DCP), while thermal cracking of DCP at 140 
to 160 °C gives CPD. Using CPD and DCP as a raw material, petroleum resins are produced and applied to 
production of tackifters as adhesives in the rubber industry, sizing agent resins for paper making, raw material 
resins for paints, etc. 

50 Noticing that the resin containing the above described cyclic olefin compound or the above described 
bridged polycyclic hydrocarbon compound as a polymeric component resin is readily and strongly bonded to 
the commonly used shaped rubber, the bonded interface being not easily stripped by operations, e.g. steam 
sterilization, and the resin is inert, very sanitary and non-crystalline, the inventors have found that a rubber arti- 
cle whose surface is laminated with this resin is a very sanitary rubber article capable of passing the test of JP 

55 11, etc. The present invention is based on this finding. 

Useful examples of the cyclic resin of the present invention, to be used as a polymeric component, are as 
follows: 

Monocyclic olefin compounds such as, 
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cyclopentadiene 



eye 1 open tene 





cyclooctene 



4-mehtyl-cycl ohexene 





CH 3 



4, 5-dimethyl-cyclohexene 




Lower aikyl derivatives of the above described compounds, containing 1 to 3 lower alkyl groups substituted, 
e.g. methyl group, ethyl group, etc, acrylate derivatives and the like. 

As the bridged polycyclic hydrocarbon compound, there are preferably used bridged polycyclic hydrocar- 
bon compounds with two or more rings, in particular, bridged polycyclic olefin compounds or derivatives thereof 
and bridged poly<cyclic saturated hydrocarbon compounds having unsaturated bonds in the substituents, i.e. 
bridged polycyclic cycloalkene compounds and their lower alkyl derivatives, aryl derivatives, aralkyl derivatives, 
and bridged polycyclic cydoalkane compound vinyl derivatives, allyloxy derivatives, (meth)acryloxy derivatives, 
etc 

Specifically, the following compounds are given: 
bicyclo[2,2,1]-2-heptene, 




bicyclo[2,2,1]-2,5-heptadiene (2,5-norbomadiene) 




6-ethyl-bicyclo[1,2,1]-2-heptene 




6-ethylidene-bicyclo[2,2,1]-2-heptene (5-ethylidene-2-norbornene) 




6-phenyl-bicydo[2,2,1]-hepto-2-ene 



EP 0 497 567 A2 




5 

tricyclo^.S.O.I 2 - sj-S-decene 



2 



10 




5 7 



15 tricyclo[4, 3,0,1 ^-S.^ecene (3,8-dihydro-dicyclopentadiene) 



20 




5 7 



tricyclotM.O.I 2 - ^-S-undecene 




30 

pentacyclo^J.O.I 2 - 5 , 0,0 s - 13 ,1 9 - 12 ]-3-pentadecene 



35 




5 7 9 



S.IO-dimethyl-tetracycloIM.O.I 2 - 5 ,1 7 - 10 ]-3-dodecene 

40 



45 




CH 3 



tetracydo[4,4,0,1 i5 f 1 7 - 10 ]-3-dodecene 

50 




11,1 2-dimethyl-hexacyclo(6,6, 1 , 1 3 - 8 , 1 ""O^O^K-heptadecene 
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pentacydo(6,5,1 r 13-6,02-7 ( 09^H-pentadecene 



10 




15 8-ethyl idene-9-ethyltetracydo[4,4,0, 1 1 71 °]-3-dodecene 



20 




25 



30 



bis(aryloxycarboxy)tricydo[4,3,0, 1 2-«]-decane 



Z 2 || * 

0 



bis(methacryloxy)tricyclo[4 ( 3,0 f 12.5]^jecane 




C-0-CH 2 -CH = CH 2 



35 



CH 3 
CH 2 =C-CO. 










L d 



CH 3 
0 2 C-C=CH 2 



40 



45 



bls(acryloxy)trlcyclo(4,3,0, 2 ' 5 J-decane 



CH 2 =CH-C0 2 




0 2 C-CH=CH 2 



In the cyclic resin of the present invention, at least one member selected from the group consisting of cyclic 
olefin compounds and bridged polycydic hydrocarbon compounds is used as a polymeric cocmponent and in 
addition, lower olefins, aromatic compounds or vinyl monomers of lower olefins or aromatic compounds capable 
so of being copolymerizable with these polymeric components can be incorportaed as a copolymeric component 
Examples of the copolymeric component are ethylene, propylene, isoprene, butadiene, methyl pentene, nor- 
bornene, butene, vinyltoluene and the like. These other copolymeric components can be used individually or 
in combination. 

Polymerization of the cydic resin of the present invention can be carried out in known manner, as disdosed 
55 in Japanese Patent Publication Nos. 11818/ 1972, 43412/1983, 1442/1986 and 19761/1987, and Japanese 
Patent Laid-Open Publication Nos. 75700/1975, 129434/1980, 127728/1983, 168708/1985, 115916/1986, 
271308/1986, 22118/1988, 221118/1988, 243103/1988 and 180976/1990. 
Specifically, the following three methods can be utilized: 
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(1) Method comprising subjecting a cydopentadiene and a corresponding olefin or cyclic olefin to additional 
cyclization reaction (Diels-Alder reaction) to obtain a bridged cyclic hydrocarbon monomer, polymerizing 
the resulting monomer in a solvent using aluminum, tungsten, vanadium or boron compound as a catalyst 
to obtain a resinous product and purifying the resinous product to obtain a bridged cyclic hydrocarbon resin. 

5 (2) Method comprising subjecting a monomer corresponding to the polymeric component of the cyclic resin 

of the present invention, for example, lower alkylcycloalkene compounds, cycloalkadiene compounds, 
bridged polycyciic alkadiene compounds, bridged polycyclic alkene compounds, etc. to polymerization 
reaction in a solvent using an aluminum, vanadium, tungsten or boron compound as a catalyst to obtain a 
high molecular weight resinous product and then subjecting the resinous product to hydrogenation using 

10 a platinum catalyst to obtain a cyclic resin of the present invention. 

(3) Method comprising polymerizing an acryloyl derivative of a bridged polycyclic compound by light and/or 
an organic peroxide to obtain a bridged cyclic resin and then purifying the resin to obtain the cyclic resin 
of the present invention. 

In the foregoing three polymerization reactions, furthermore, monomers such as olefin compounds or 
15 aromatic compounds can be added to form copolymers. In any of the above described polymerization methods, 
the presence of monomers as the polymeric components, low molecular weight oligomers, metallic catalysts, 
etc. in the cyclic resin of the present invention causes generation of odors and degradation of the sanitary 
properties. This is unfavorable. 

Therefore, as the cyclic resin of the present invention, there is preferably used a resin capable of satisfying 
20 a softening point of at least 90°C (JIS K 2207, 2531, ring and ball method) and a bromine number of at most 
5 (JIS K 2543). If the bromine number of the cyclic resin exceeds 5, coloration or discoloration wBI take place 
in a sanitary rubber article after laminated with the cyclic resin. In order to prevent the coloration or discoloration, 
an antioxidant is added. 

Examples of the antioxidant to be added to the cyclic resin of the present invention are 2-6-di-t-butyl-4- 

25 methylphenol(BHT), octadecyd-3-(4'-hydroxy-3',5'-di-t-butylphenyl) propionate (commercial name: Irganox 
1076, made by Chiba Geigy Co.), tetrakis[methylene(3,5-d-t-butyl-4-hydroxyphenyl) propionatej-methane 
(commercial name: Irganox 1010, made by Chiba Geigy Co.), tocophenol, 4,4'-thiobis(6-t-bytyl-3-methyl- 
phenol) (commercial name: Antage RC, made by Kawaguchi Kagaku KK), bis(2,2,6,6,-tetramethylpiperidyl) 
sebacate (commercial name: Sanol LS-770, made by Sanko KK), 1,3,8-triaza-7,7,9„9-tetramethyl-n-octyl-spi- 

30 ro[4,5]decane-2,4-dione (commercial name: Sanol LS-:72, made by Sankyo KK), etc. These antioxidants func- 
tion to prevent the cydic resin from gelling by heat, light or oxygen. Preferably, the antioxidants are added in 
a proportion of 0.1 to 1 part by weight. 

The content of the cyclic olefin monomer in the cyclic resin of the present invention is preferably at least 
30 % by weight. The cyclic resin has a molecular weight of 5,000 to 100,000,000. The low molecular weight 

35 resin is a highly viscous material and the high molecular weight resin is a powdered material. Thus, when lami- 
nating or working of the cyclic resin on a rubber body is difficult, it is preferable to use a working assistant. As 
the working assistant, at least one of higher fatty acids, higher fatty acid esters, silicone oils, fluorinated oils 
and the like can be added in a proportion of 0 to 5 % by weight. 

Lamination of a rubber surface with the cyclic resin of the present invention can be carried out by a method 

40 comprising dissolving the cyclic resin in a commonly used solvent, i.e. aliphatic or aromatic hydrocarbon sol- 
vents or mixtures thereof such as n-hexane, cydohexane, butane, pentane, cyclooctane, heptane, ethylben- 
zene, propylbenzne and the like in a proportion of 1 to 8 % by weight, applying or spreading the solution to or 
on a rubber surface, or a method comprising forming the cydic resin of the present invention in a film by a known 
technique, e.g. T-die method, elongation method, inflation method, etc. and then laminating the resulting film 

45 on a rubber surface. 

In addition, the cydic resin of the present invention can be mixed with an olefinic resin and laminated on 
a rubber surface. In this case, at most 10 % by weight of a low to middle molecular weight polyethylene or 
polybutene can be used to improve the workability. 

Since the cydic resin of the present invention has a higher softening point and higher stability to heat, 
so oxygen, oxidation, etc. as well as sanitary property, a method can be employed comprising forming the cydic 
resin into a film of 0.1 to 1 mm in thickness, superimposing the film on a non-vulcanized rubber and then con- 
ducting simultaneously vulcanization and shaping of the rubber and lamination of the film, which method is 
economically preferable. As such a method, for example, there are a method described in Japanese Patent 
Publication No. 5046/1 984 and a method comprising laminating a rubber stopper with a plurality of resin films, 
55 as disdosed in Japanese Patent Publication No. 53184/1982, the inventors have proposed. 

Furthermore, the cydic resin of the present invention can be applied to a rubber surface of a rubber stopper 
used for a plastic container, as disclosed in Japanese Patent Laid-open Publication No. 1 275/1 990 and Japan- 
ese Patent Application No. 399/1990. 
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A laminated rubber article obtained by laminating a rubber body with the cyclic resin of the present invention 
in the form of a film can pass the standards provided in "44 Test Method of Plastic Container for Liquid Trans- 
fusion" and "43 Test Method of Rubber Stopper for Liquid Transfusion" of JP 1 1. It is found that a film of the 
cyclic resin of the present invention has very excellent resistance to water absorption, moisture absorption and 
5 moisture permeation. 

As the rubber to be laminated with the cyclic resin of the present invention, there can be used commonly 
used rubbers such as natural rubber, IR, IIR, BR, EPDM, CR, NBR and the like, since the cyclic resin is capable 
of strongly bonding to the rubber surface and wrapping it even in the form of a very thin film and compounding 
agents in the rubber, e.g. vulcanizing agents, vulcanization accelerators, reinforcing agents do not come out 
10 of it, that is, the insaniatry substances contained in the rubber are not subject to elution and contamination of 
exterior contacted materials therewith, such as foods or pharmaceutical chemicals. 

Furthermore, the cyclic resin of the present invention becomes a film with flexibility and elasticity and thus 
maintain the flexibility and elasticity com parable to a rubber to be laminated therewith. 

The following examples are given in order to illustrate the present invention in detail without limiting the 
15 same. 

Synthetic Example of Resin of Present Invention 
Synthetic Example 1 (DCP Resin Polymer) 

20 

1800 ml of purified and dehydrated toluene and 600 g of dehydrated and purified DCP were charged in a 
three neck flask of 5000 ml, equipped with a stirrer, in a nitrogen atmosphere, to which 140 g of triethyl aluminum 
[AI(C 2 H 5 )3], 365 g of triethylamine [N(C 2 H 5 )3] and 46 g of titanium tetrachloride (TiCI 4 ) (based on dry weight), 
as catalysts, were added in order in a nitrogen atmosphere, followed by stirring and polymerizing at 25 °C for 

25 6 hours. After the polymerization, the product was added to 2000 ml of acetone-isopropyl alcohol (1 : 1) mixed 
solvent, to which 10 ml of hydrochloric acid was added to precipitate a resin, and the precipitated resin ras 
washed with the above described mixed solvent, thus obtaining 360 g of DCP ring-opened polymer. 

1 kg of a cyclohexane solution of 10 % by weight of the above described ring-opened polymer and 5 g of 
Raney nickel were charged in an autoclave of 2000 ml, equipped with a stirrer, the temperature inside the reac- 

30 tor being raised to 120 °C, and the mixture was subjected to hydrogenation reaction at a hydrogen pressure 
of 70 atm for 8 hours. The reaction product was subjected to centrifugal separation and filtration to remove the 
catalyst contained therein and precipitated in 1000 ml of a mixed solvent of acetone-isopropyl alcohol (1 : 1) 
to obtain 100 g of a resin (a) having a softening point of 136 °C and average molecular weight of about 30,000 
and being soluble in n-hexane by 5 %. 

35 To 1 00 parts by weight of the thus obtained resin (a) was added 0.3 part by weight of an antioxidant, Irganox 
101. Using n-hexane as a solubilizing solvent, the resin (a) was shaped in a film while adding 1.5 parts by weight 
of dimethylsiloxane and 1 .5 part by weight of stearic acid sorbitan ester thereto. 

Synthetic Example 2 (DCP-Ethylene Copolymer) 

40 ' ~ ~ ' 

A stirrer and dropping funnel were fitted to the center of a three neck flask of 5000 ml, being dried. 2500 
ml of dehydrated toluene and 150 g of dehydrated DCP were charged in the flask, to which 31 g of ethylalumi- 
num sesqui-chloride and 4.2 g of dichloroethoxyoxovanadium were added as catalysts and through which 
mixed gases of dry ethylene gas and nitrogen gas (1/2) was passed for 7 minutes and passed at 20 °C for 60 

45 minutes. The polymerization ras conducted for 30 minutes. 30 ml of methanol was added thereto to stop the 
copoly-merization to precipitate a resinous material, washed with acetone and dried at about 60 °C to obtain 
88 g of a copolymer. This copolymer had a DCP content of 68 mol %. 

500 g of a cyclohexane solution of 10 % by weight of the resulting copolymer resin and 5 g of palladium 
carbon were charged in an autoclave of 1000 ml, equipped with a stirrer, and after the inside of the autoclave 

so ras rinsed with hydrogen, the temperature was raised to 1 20 °C. At the same temperature, the hydrogen press- 
ure was raised to 70 atm and hydrogenation ras carried out for 8 hours while supplementing hydrogen at the 
same pressure. The reaction product was subjected to centrifugal separation and filtration to remove the catal- 
yst contained therein and precipitated in a large amount of mixed solvents of acetone-isopropyl alcohol (1 : 1) 
to obtain 60 g of a resin (b) having a softening point of 136 °C and a bromine number of 0.3. 

55 The thus obtained copolymerized resin (b) was formed in a film after adding 3 % by weight of stearic acid 

sorbitan ester, 1 % by weight of dimethylpolysilioxane and 0.5 % by weight of BHT thereto. In the case of brush- 
ing or spraying, it was applied to a rubber surface in the form of a cyclohexane solution (5 % by weight). 
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Synthetic Example 3 (Terpolymer of DCP) 

80 g of purified DCP and 10 g of purified isoprene were charged in an autoclave equipped with a stirrer, 
gradually heated with agitation In a nitrogen atmosphere and polymerized at a temperature of 250 °C for 7 hours. 
After cooling, the reaction mixture was distilled to remove low temperature volatile fractions at about 120 to 
200 °C and subjected to evacuation at 100 to 70 °C to remove volatile materials. 

The polymerized product was charged in an autoclave, to which 80 g of cyclohexane and 2 g of Raney 
nickel were added, and the mixture was subjected to hydrogenation at a hydrogen pressure of 1 00 kg/cm 2 and 
a temperature of 200 °C for 4 hours. After cooling, the reaction product was filtered to remove the catalyst and 
distilled to remove the solvent. 0.7 % by weight of BHT was added thereto. The resulting resin (c) had a bromine 
number of 1.5, softening point of 122 °C and contained n-hexane insolubles. 

Synthetic Example 4 (Bridged Polycydic Compound Polymer) 

250 g of 8-methyloxycarbonyltetracyclo[4,4,0, 7 - 10 ]-3-dodecene, 



1000 ml of 1,2-dichloroethane and 1.9 g of 1-hexene were charged in a reactor equipped with a stirrer, rinsed 
with nitrogen gas, to which 46 ml of a chlorobenzene solution of tungsten hexachloride with a concentration of 
0.05 mol/ liter and 1 9 ml of a toluene solution of triisobutylaluminum with a concentration of 0.5 mol/liter were 
added as catalysts, followed by carrying out polymerization reaction at 60°C for 1 0 hours. Methanol was added 
to the polymerized product to stop the polymerization, the solvent was evaporated and the product was washed 
with an acetone-methanol solution and dried. 

The polymerized product was dissolved in 4500 ml of tetrahydrofuran, mixed with 23 g of a palladium-alu- 
mina catalyst containing 5 % by weight of palladium and then subjected to hydrogenation at a hydrogen press- 
ure of 100 kg/cm 2 and a temperature of 170°C for 5 hours. Then, the similar procedure to Example 1 was 
repeated to obtain a polymerized resin. 0.5 part by weight of BHT ras added thereto to obtain a resin (d) having 
a bromine number of 0.05 and a softening point of 1 1 2 °C. 

Synthetic Example 5 (Bridged Polycydic Binary Copolymer) 

1000 ml of dried and purified cydohexane ras charged in a reactor of 2000 ml, equipped with a stirrer, to 
which 30g of 8,9-dimethyl-tetracydo-t4,4,0,1 2 - 6 ,1 7 - 10 ]-3-dodecene (synthesized by subjecting cydopentadiene 
and dimethytnorbomene to addition and cydization reaction), 



was added under flow of nitrogen gas, and then, 12 g of ethylaluminum sesqui-chioride [AI(C 2 H 5 ) 1 .5CI 1 .5] and 
2 g of dichloroethoxyoxovanadium [VO^hUJCIJ were dropwise added. 1 5 liter of mixed gases of dry ethylene 
gas and nitrogen gas (1/2) were bubbled therein at a temperature of 10 °C for 30 minutes to effect copolym- 
erization reaction. 12 ml of methanol was added to stop the co-polymerization reaction and the product was 
washed with acetone and dried in vacuum. 

0.3 % by weight of Irganox 1 010 was added to the thus obtained copolymer (yield: 28 g; bromine number 
0.5; softening point: 118 °C ) to give a resin (e). 

Synthetic Example 6 (Bridged Polycydic terpolymer) 

1000 ml of dried and purified toluene was charged in a reactor of 2000 ml, equipped with a stirrer, to which 
30.4 g of tetracydo-[4,4,0,1 2 * 5 ,1 7 l0 ]-3-dodecene and 3.8 g of 4-methylcyclohexene were added under flow of 
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nitrogen gas, and then, 3.6 g of ethylaluminum sesquichloride and 2.2 g of vanadium oxytrichloride were added. 
13 (Iters of mixed gases of dry ethylene gas and nitrogen gas (1/2) were bubbled therein at a temperature of 
1 0°C for 30 minutes from a has feed pipe to effect polymerization reaction. 20 ml of methanol was added thereto 
to stop the reaction to obtain 32 g of a polymer having a bromine number of 0.3 and a softening point of 124 
°C. 

0.3 % by weight of Irganox 1076 was added to the thus obtained polymer to give a resin (f). 
Synthetic Example 7 (Bridged Polycyclic Coumpound Polymer) 

100 g of bis(memacryloxy)tricyclo[4,3,0 f 1 2 - 5 ]-3-decane and 100 g of cycohexane were added to a flask, 2 
g of benzoyl peroxide was added thereto while flowing nitrigen gas, and the reaction mixture was uniformly 
mixed, gradually heated and subjected to polymerization reaction at 120 °C. The solvent ras removed and after 
adding 4 g of t-butylperoxybenzoate and 1 g of 4,4-thiobis-(6-t-butyl-3-methylphenom), the polymer was used 
in the form of a 2 wt % solution of cyclohexane. The resulting resin (g) had a softening point of 1 12 °C and a 
bromine number of 3.3. 

Synthetic Example 8 

To 100 parts by weight of the copolymerized resin (g) obtained In Example 7 were added 3 parts by weight 
of a microwax with a softening point of 80 °C and 3 parts by weight of a low molecular weight ethylene, mixed 
in a brabender plastomill at a temperature of 120 to 130 °C and the mixture was formed in a film. This mixed 
resin was referred to as resin (h). 

Examples 1 to 8 and Comparative Example 1 

Using the resins (a) to (g) obtained in Synthetic Examples 1 to 8, rubber stopper bases were subjected to 
lamination therewith, the rubber bases being prepared from BR rubber according to the following formulation: 

BR (Nipol BR 1242 S -commercial name-, 

made by Nippon Zeon KK, cis content 37.2 X, 

ML.., 100 V 53) 100 parts by weight 

Powdered Polyethylene (made by Seitetsu Kagaku KK) 3 
Titanium Oxide (made by Ishihara Sangyo KK) 15 
Calcined Clay (Burgess Pigment Co.) 20 
2 t 5-dimethyl-2,5-di ( t-butylperoxy)hexane 1 
vinyltris( $ -methoxy)si lane 1 

The BR rubber compounding operations and vulcanization operations were carried out according to SRIS 
(Nippon Gomu Kyokai Kikaku-Japan Rubber Institute Standards-) 3603. The vulcanization condition was 160 
°C x 12 minutes. The molded rubber article, having a shape of a rubber base 1, as shown in Fig. 1, was 
immersed in n-hexane solutions of the resins (a) to (g) of the present invention two or more times, coated with 
a film with a thickness of 0.1 mm and completely dried at a temperature of about 90 °C, thus forming a film 
shown in Fig. 1 on the rubber surface (Examples 1 to 8). 

The thus resulting samples and a comparative sample consisting of only the rubber base free from the resin 
(Comparative Example 1) were subjected to the sanitary test according to "43 Test Method of Rubber Stopper 
for Liquid Transfusion" of JP 1 1 to obtain results as shown in Table 1 . 

These rubber stoppers were applied to a glass container filled with a liquid medicament as shown in Fig. 
2, fastened by an aluminum cap and subjected to the special sanitary test, thus obtaining results shown in Table 
2. 
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The details of the tests shown in Table 1 and 2 are illustrated below: 
JP 11 Test 

5 Property of Elution Test, Foaming, pH, Zn, KMn0 4 Reducing Property, 
Evaporation Residue, UV (ultraviolet ray) Absorption Spectrum 

A sample Is mixed with water in an amount of 10 times as much as the sample and then heated and ext- 
10 racted with high pressure steam at 121 °C for 1 hour. In view of that DIN or BS is carried out by heating at 121 
°C for 30 minutes, it is apparent that the extraction condition of JP 1 1 is the severest. 

Acute Toxicity, Subcutaneous Reactions, Feverish Materials, Hemolytic Materials and Transplantation 
Tests: 

These tests are carried out according to JP 11, which are somewhat different from those of DIN, BS or 
15 USP. 

DIN Test 

Detection Test of Metallic Elements (Pb, Cd) 

20 

30 % HN0 3 is added to 1 0.0 ml of the test solution obtained in an analogous manner to the elution test of 
JP 11 to 20 ml and subjected to measurement of the metallic elements by an atomic absorption 
spectrophotometric method using acetylene. Pb is measured by a hollow vacuum lamp 283.3 \x m and Cd is 
similarly measured. 

25 

Other Special Sanitary Test 

Number of Fine Grains (Test of Number of Grains from Rubber Stopper) 

30 10 rubber stoppers are charged in a hard glass bottle, to which 300 ml of dust-free water is added, and 
the mouth of the bottle is wrapped with a film and vibrated by hand at about 2 revolutions per second for 20 
seconds. Allowing to stand for 1 hour, the number of fine grains in the water was measured by means of an 
automatic fine grain meter of light-shielding type (made by HIAC Co.). The presence of fine grains with a grain 
size of at least 5 \i m in an injection liquor is an important item because of causing a problem of clogging blood 

35 vessel, etc. 

Fragmentation of Rubber 

A vial of 10 ml, having a shape shown in Fig. 2 as a designation 4, ischarged with 5 ml of water, closed by 
40 a rubber stopper 1 and then fastened by an aluminum cap 6. An injection cylinder fitted with a test needle [22 
G (0.70 x 32 mm)] is charged with water and then pierced through a piercing position 8 20 times. At the 20th 
penetration, the water in the injection cyclinder is injected into the vial and the needle is then withdrawn. After 
vibrating the vial, the rubber stopper is removed, the content liquid is filtered and the number of rubber fragments 
on the filter paper is counted. This test method is an improved method of BS. BS provides that the number of 
45 rubber fragments be at most 3, but in this field, it has lately been desired that it should be at most 2. 

Gas Component Test in Head Space 

A vial 4 of Fig. 2 is charged with 8 ml of a 2 wt % aqueous solution of NaCI, enclosed by a rubber stopper 
so 3 and fastened by an aluminum cap 6. This glass vial is steam-heated at 1 21 ± 1 °C for 60 minutes in a pressure 
vessel and then allowed to stand for about 10 hours. 5 ml of a sample gas is taken from a head space 7 of the 
vial using a syringe for gases and then subjected to analysis by a gas chromatography under conditions of col- 
umn 10 % OV-101 (180-200 mesh WHP), carrier gas He 50 ml/min and column temperature 100-200 °C (raised 
at 4 °C /min), thus checking the presence or height of peaks. This is a test for checking generation of gases in 
55 very small amounts from the rubber and additives to be blended, which has lately been considered important. 
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Alkaline Solution Resistance Test 

10 rubber stoppers are charged in an alkali resistance vessel, to which a 0.5 wt % solution of sodium car- 
bonate is added in a proportion of 10 times as much as the weight of the rubber stoppers, and the vessel is 

5 enclosed by the rubber stopper and fastened by an aluminum cap. This assembly is then steam-heated at 121 
°C for 30 minutes in a high pressure vessel, allowed to stand to room temperature and cooled, followed by 
removing the rubber stopper. The test solution is taken and subjected to measurement of transmission of a 
visible part with a wavelength of 430 to 650 nm using a quartz cell. A transmission of at least 95 % is regarded 
as satisfactory. This test is a fundamental test for examining the relationship between the rubber and a medical 

10 liquid and a rubber article having a low percent permeability cannot pass this test. 

Water Absorption Test 

A vulcanized and shaped rubber article is dried at 105 °C at normal pressure for 3 hours, allowed to stand 
15 in a desiccator containing a drying agent for about 1 hour and the weight thereof (A) is then precisely measured. 
Then, the rubber stopper is immersed in purified water in an amount of 10 times as much as the rubber stopper 
and steam-heated, as it is, at 121 ± 1 °C for 30 minutes in a pressure vessel. After cooling, only the rubber 
stopper is allowed to stand for 30 minutes in a desiccator to remove the water on the surface, at which the weight 
(B) thereof is measured. Thus, {[(B) - (A)/(A)] x 100} (%) is calculated and a value of at most 2 % by weight is 
20 regarded as passing this test 

Slidable Property Test 

A rubber stopper is placed on a fluoro resin plate, and while one end of the plate is fixed, the other end 
25 thereof is raised at a constant rate to move the rubber stopper. The angle of the plate, at which the rubber stop- 
per starts to move, is measured. 

As shown in Table 1 , the rubber stoppers laminated with the cyclic resin film of the present invention (Exam- 
ples 1 to 5) satisfy the standards of JP 11 and are also more excellent in the special sanitary tests as shown 
in Table 2. 

30 On the other hand, the lamination-free rubber stopper of Comparative Example has some items not satis- 
fying the standards, as shown in Tables 1 and 2. Since PE, PP, PET and fluoro resins are not soluble in solvents 
(e.g. n-hexane), no thin resin film can be formed from these resins in the form of solutions. 

Examples 9 to 13 and Comparative Examples 2 to 4 (Sanitary Tests of Resin-Laminated Slidable Stopper 
35 for Syringe) 

The cyclic resin of the present invention was compressed by two rolls or a press at a temperature of 100 
to 140 °C to form a film of 0.3 to 0.4 mm in thcikness. Formation of a slidable laminated rubber stopper was 
carried out by a method comprising laminating a rubber with the resin film of the present invention simul- 

40 taneously with vulcanization and shaping of the rubber, specifically using a lower metal mold having a hollow 
part corresponding to the stopper and an upper metal mold having an end protrusion of a push rod. first, the 
resin film of the present invention was placed on the surface of the lower metal mold, on which the foregoing 
compounded rubber of BR was placed in the form of a sheet, and then the upper metal mold was superimposed 
thereon, followed by compressing at a temperature of 160 °C and about 80 kg/cm*, thus obtaining a resin filnv 

45 laminated slidable stopper (Fig. 4 and Fig. 5). 

Laminated slidable stoppers (comparative articles) were obtained in the similar manner to described above 
using the same metal molds and the same compounded rubber of BR as dsecribed above and using films of 
PE, PP and fluoro resin (referred to as F). 

The thus obtained laminated stoppers of the present invention and for comparison were subjected to 

so assessment of the degree of difficulty in bonding the film to the rubber, the elongation of the film and the state 
of the film subjected to steam sterilization. The results are shown in Table 3. 



55 
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Table 3 Examples Comparative Example; 

9 10 11 12 13 2 3 4 

Resin Fi lm a b f g h PE PP F 

Degree of Diff- 
iculty of Film @ © ® © @ x Ox 
Bonding 

State after © © © © © x xC 

Steam Treatment 



As shown in Table 3, in the slidable stoppers laminated with the cyclic resin film of the present invention 
(Examples 9 to 13), the film was strongly bonded to the rubber surface and there was found no breakage nor 
wrinkles of the film. In the treatment with steam, there were not found poor samples. 

On the other hand, PE and F (Comparative Examples 2 and 4) met with breakage of the films during shaping 
20 and PP (Comparative Example 3) exhibited good shaping property, but occurrence of water foams in the treat- 
ment with steam. 



Example 14 

25 In a rubber stopper as shown in Fig. 6, according to the technique described in Japanese Patent Laid-Open 
Publication No. 272134/1986, firstly, rubber-shaping of a leg part 15 and lamination of a fluoro resin film 16 
(surface-treated by sputtering) were simultaneously carried out, and then, rubber-shaping of a flange part 17 
and lamination of the cyclic resin film 1 of the present invention were simultaneously carried out. 

A rubber stopper as shown in Fig. 7 and Fig. 8 was obtained by laminating both the surfaces of a leg part 

30 15 (in contact with a liquid medicament in a container) and a flange part 17 with the cyclic resin film 1 of the 
present invention according to the technique described in Japanese Patent Laid-Open Publication No. 
272134/1986. When using this rubber stopper for freeze drying of a pharmaceutical chemical in a container, 
there was no fear of contamination due to rubber fragmentation caused by movement of the rubber stopper. 



35 Example 15 



A stopper bonded to a plastic vessel was prepared by laminating a rubber surface to be contacted with a 
liquid medicament with the cyclic resin film of the present invention, as shown in Fig. 3, according to the tech- 
nique described in Japanese Patent Laid-Open Publication No. 1275/1990. The feature of the rubber article of 
40 this type consists in that a high quality liquid medicament can be given to the human body without contamination 
of the medicament 

The advantages of the present invention are summarized below: 

As illustrated above, the present invention provides a novel saniatry rubber article in which a rubber surface 
is laminated with the specified cyclic resin according to the present invention and which has the following feat- 
45 ures: 

(a) The cyclic resin body of the present invention is excellent in sanitary property and inert, and is capable 
of passing the test standards for pharmaceutical chemicals and medical instruments of JP 1 1 . This is also 
odorless and suitable for foods. 

(b) The cyclic resin film of the present invention is readily bonded to a rubber surface and the bonded inter- 
so face is not easily stripped. 

(c) Since a rubber surface is coated with the cyclic resin film of the present invention, the rubber and com- 
pounding agents do not contaminate exterior matters, e.g. liquid medicaments. 



55 Claims 



1. A sanitary rubber article whose rubber surface is laminated with a resin film comprising a cyclic olefinic 
compound or bridged polycyclic hydrocarbon compound as a polymeric component. 
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The sanitary rubber article as claimed in Claim 1, wherein the cyclic olefin compound is at least one mem- 
ber selected from the group consisting of monoolefinic compounds and alky) derivatives and acryfate deri- 
vatives thereof. 

The sanitary rubber article as claimed in Claim 1 , wherein the bridged polycyclic hydrocarbon compound 
is one having at least one unsaturated bond in the ring or substituent 

The sanitary rubber article as claimed in Claim 1 , wherein a resin containing the cyclic olefinic compound 
or the bridged polycyclic hydrocarbon compound as a polymeric component contains at least one member 
selected from the group consisting of lower olefins, aromatic compounds and vinyl monomers of lower ole- 
fins or aromatic compounds as a copolymeric component 

The sanitary rubber article as claimed in Claim 1, wherein a resin containing the cyclic olefinic compound 
or the bridged polycyclic hydrocarbon compound as a polymeric component is mixed with an olefin type 
resins. 

The sanitary rubber article as claimed in Claim 1 , wherein a resin containing the cyclic olefinic compound 
or the bridged polycyclic hydrocarbon compound as a polymeric component has a bromine number of at 
most 5. 

The sanitary rubber article as claimed in Claim 1 , wherein a resin containing the cyclic olefinic compound 
or the bridged polycyclic hydrocarbon compound as a polymeric component has a softening point of at 
least 90 °C. 
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(54) A laminated sanitary rubber article. 

@ The present invention provides sanitary lami- 
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articles with safety and sanitary property, for 
example, containers for foods or pharmaceuti- 
cal chemicals, transporters, instruments, pack- 
aging materials and the like. In this sanitary 
laminated article (3), the rubber surface (2) is 
laminated with a resin film (1) comprising a 
cyclic oiefinic compound or bridged poiycyclic 
hydrocarbon compound as a polymeric compo- 
nent 
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